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The aim of this work was to extract and characterize starch from three varieties of
pigmented rice (named white, red and black), preserving the bioactive compounds. The
extraction yield was 44.0%, 47.0% and 35.7%, respectively. The scanning electron
microscopy showed that the granules of the three varieties presented polygonal and
angular format and absence of impurities. The chemical analyzes, showed more than
83.0% of carbohydrates in the three compositions. There was retention of the phenolic
compounds from the raw material in the starches. With regard to pasting properties of
the starches, differences were observed in initial temperature, which was of 80.6ºC,
79.1ºC and 88.8ºC for the starches of white, red and black rice, respectively. Black rice
starch also showed slightly higher crystallinity and thermal stability than white and red
rice starches. Gels of red rice starch have higher syneresis in five freeze-thaw cycles,
when compared to the others.




Rice (Oryza sativa L.) is one of the most popular cereals in the world, especially
in Asian countries [1]. The popularity of this cereal is due to its many characteristics,
such as nutritional quality, practicability and applicability. In addition, its grain is
hypoallergenic and non-toxic for people with celiac disease, so it can be a wheat
substitute for products without gluten [2].
Red rice is considered a type of weed in many regions. Since this variety of rice
contributes to a loss in white rice production, and due to the difficulties in being
controlled, its use in the development of new food products has become an
advantageous way for using the plant and its nutrients. Moreover, red rice has important
compounds to be included in human diet [3,4].
Another variety of rice, which has a singular nutritional composition, is black
rice. It is known for its anthocyanin and bioactive compounds content, which exhibit a
high antioxidant activity and are considered as preventive agents for many diseases, like
cancer [5,6].
Pigmented varieties of rice, as red or black, for instance, have higher phenolic
content when compared with white rice [6]. Hence, the antioxidant capacity and
functional properties associated with those varieties may be higher. Therefore, it could
be used as a bioactive ingredient for food industries to improve the nutritional quality of
their products.
Carbohydrates are the main constituents of rice, representing more than 80% of
the product, which is starch. The concentration of starch in the grain is influenced by
many factors, such as genetic, environmental, agronomic and others [7]. Industrial
application of starch is related to its technological capacity and the properties that it
provides to products, such as texture, viscosity, emulsion stability, among others.
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The consumption of pigmented rice improve the intake of bioactive compounds,
which can be associated to the inhibition of the activity of intestinal α-glucosidase and
pancreatic α-amylase and a reduction of risk in type 2 diabetes, obesity, hypertension,
hyperglycemia or dyslipidemia [8,9]. Moreover, those compounds present a great
contribution as antioxidant agents in human health.
The use of rice starch in the food industry is expanding due to its characteristics,
such as low ability to cause allergic reactions, mild taste, gel stability in freeze-thaw
cycles, digestibility, acid resistance, and amylose and amylopectin content [10,11].
Thereby, the aim of this work was to extract and characterize starches from three
pigmented varieties of rice, in order to study their bioactive compounds.
2. EXPERIMENTAL SECTION
2.1. Material
Three different varieties of rice were used: white, red and black (Armazém Santa
Filomena, São Paulo, Brazil). Commercial rice starch (Dayelet, Spain) was used for
comparison in thermal analyzes.
2.2. Methods
2.2.1. Starch extraction
The varieties of rice were submitted to wet extraction in order to obtain the
starches, according to Ribeiro [12] with modifications. Firstly, the raw material was
washed and weighed. The rice were submitted to fragmentation in water (1:2 rice:water)
in an industrial blender model SPL-049 (SPOLU, Itajobi, Brazil) for 5min.
The fragmented material was filtered in order to separate the residues, which
were again disintegrated and filtered.
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. The filtered liquid was purified with a strainer (mesh 100 / 0.149mm) and
placed on a bench for 24h to decant the starch. The starch was dried in an oven with air
circulation (NG Científica, Campo Grande, Brazil) at 45ºC for 10h, and stored in plastic
bags, in the dark. To extract starch from red rice, the filter was centrifuged at 1100rpm
(G force = 318 x g, rotor radius 122.5mm) for 15min using a Simplex II centrifuge (ITR,
Esteio, Brazil).
Extraction yield was calculated by initial mass of the raw material and the mass
of dried starch (Equation 1).
𝐸𝑥𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑦𝑖𝑒𝑙𝑑 % =




Starch microstructure was examined by optical microscopy and scanning
electron microscopy. In optical microscopy, samples were placed in glass slides and
diluted with distilled water. Images were captured with magnification of 40 and 100
times in an optical microscope (Nikon, Tokyo, Japan), by Micrometrics SE Premium 4
software.
The starch granules were analyzed in a low vacuum bench top scanning electron
microscope TM 3000 (Hitachi, Tokyo, Japan) at 15kV. No gold coating was necessary
to cover the starch granules.
2.2.3. Chemical characterization of starch
Moisture content was determined using an oven with air circulation at 105°C
until constant weight [13]. Ash, lipid, protein and fiber content were determined
according to methods n. 923.03, 945.38, 46.13 and 985.29, respectively [13]. The
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carbohydrate content was calculated by difference. Furthermore, the total caloric value
was calculated with the results of lipids, proteins and carbohydrates, and expressed as
kcal/100 g. The chemical characterization was performed in triplicate.
2.2.4. Amylose content
Amylose content was determined by the colorimetric method, as described by
Martínez and Cuevas [14] and adapted by Zavareze et al. [15]. Amylose PA (Sigma®)
was used as a standard. The amylose determination was performed in triplicate.
2.2.5. Phenolic compounds content
Extracts with different solvents (water, 70% acetone, 50% methanol and 50%
ethanol) were prepared (based on previous tests). An aliquot (10g) of each sample was
submitted to extraction with 100mL of solvent and placed in the dark for 5h (25ºC).
Then, samples were centrifuged and the supernatant was used as extract. The total
determination of phenolic compounds follows Folin and Ciocalteu [16] method, as
developed by Singleton and Rossi [17], in triplicate. Gallic acid was used as a standard
and results were expressed in mg GAE/100g. The phenolic compounds determination
was performed in triplicate.
2.2.6. Colorimetry
Instrumental color of starches was determined by direct reading, assessed
through a digital colorimeter CR 400 (Konica Minolta, New Jersey, USA) that shows
L* (luminosity), a* (parameter from green to red) and b* (parameter from blue to
yellow) values. The samples (10g) were weighed and placed in a Petri plate and read in
five different places. Also, the chromaticity (C*) was calculated using values of a* and
b* (Equation 2).
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𝐶∗ = 𝑎∗2 + 𝑏∗2 (2)
2.2.7. Pasting properties
The viscosity was carried out on a Rapid Visco Analyzer 4 RVA (Newport
Scientific Pty Ltd, Warriewood, Australia) [18]. Starch suspension (3g of starch in
25mL water) adjusted to 14% moisture (wet basis). The time-temperature profile
included mixing with the scoops, rotating at 960rpm in the first 10s and 160rpm until
the end. Samples were heated between 50 to 90°C at a constant rate of 6°C/min, and
then cooled at 50°C. Readings from the pasting curve were maximum peak viscosity,
pasting temperature, breakdown viscosity, final viscosity and setback viscosity or
retrogradation.
2.2.8. X-ray diffraction
The X-ray analyzes was performed on starch sample in powder form using a X-
ray diffractometer X'Pert model (Philips, Almelo, Netherlands). The X-ray source used
was a CuKα type radiation with a wavelength of λ=1.54056 Å, under the following
conditions: Voltage and current of 40kV and 40mA, respectively; scanning range:
diffraction angle 2Ɵ from 5 to 30°; pitch: 0.1°; speed: 1°/min, equipped with a
secondary graphite beam monochromator.
Samples were stored at 25ºC and 50% relative humidity in order to equilibrate
the water within the sample prior analysis.
2.2.9. Differential scanning calorimetry
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Differential Scanning Calorimetry analyzes was conducted on a TA Instruments
Q2000 equipment, under nitrogen flow of 50 mL/min. During the test, the samples were
heated at 10°C/min from 20ºC to 210°C and hold at this temperature for 3min. Then,
they were cooled at 10ºC/min to -40°C, hold at -40°C for 3min, and then heated again at
3°C/min to 210°C. The peak temperature (Tpeak) and the total heat of the endothermal
transition (Hend), related to the starch water loss, was determined for the first heating
step. Eventual transitions during the cooling and second heating were analyzed. In order
to compare, the same analyzes was conducted with commercial rice starch.
2.10. Thermal gravimetric analyzes
The study of the thermal stability of the rice starch was done using a TGA/DSC
1 (Mettler Toledo, Columbus, USA) STAR System analyzer with samples of around 5.0
mg, applying a heating ramp from 30 to 1000ºC at 10ºC/min under a nitrogen
atmosphere (constant flow of 30mL/min). The weight loss evolution with temperature
was analyzed using the STAR Evolution Software (Mettler Toledo, Columbus, USA).
In order to compare, the same analyzes was conducted with commercial rice starch.
2.11. Syneresis by repeated freeze-thawings
Gels (10% s/v) of each studied starch were produced. They were obtained at
90ºC until complete gelatinization. The obtained gels (90g) were disposed in plates of
10cm of diameter and cooled at room temperature for 1h. Then, they were frozen for
20h and thawed at room temperature for 4h, before syneresis measurements. Gels were
weighed prior freezing and removal of water, according to Takeiti [19]. The syneresis






Mi is the gel before freezing and Mf is the gel weight after excess of water
removal. The measurements were performed in triplicate, during five cycles, for white,
red and black starches.
2.12. Statistical analyzes
Data were submitted to analyze of variance (ANOVA) and compared by the
Tukey test, at 5% significance level, with STATISTICA 8.0 software (Statsoft, Tulsa,
USA).
3. RESULTS AND DISCUSSION
3.1. Starch extraction
The starch extraction method was efficient to obtain starches from different
varieties of rice and they could be distinguished, with the naked eye, by the color.
All varieties of rice studied showed statistically different extraction yield; red
rice presented the highest percentage (47.05%), followed by white rice (44.05%) and
black rice with the lowest yield (35.74%). Yield variation is related to the raw material
composition, since the quantity of each component changes for different raw materials.
Ashogbon and Akintayo’s [20] study on the extraction of rice starch obtained extraction
yield ranging from 45 to 65% in varieties of rice cultivated in Nigeria (Igbemo, Efon
Alayne, Illaje and Nerica II rice). Likewise, Zavareze et al. [15] extracted starch from
rice with different amylose content (6.90-31.62% of amylose) and found that the yield
increased in rice starches with higher amylose content. These authors associated such
results with higher water absorption of starch granules with low amylose content, which
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blocks the protein separation causing loss of starch aggregated with the proteins [15].
Therefore, the data obtained in this work corroborate with the literature.
3.2. Starch microstructure
The size, format and structure of starch granules change as a function of the
botanical species that is extracted. Nevertheless, there is no difference between starches
studied in this work (Fig. 1 and 2). This is because the starches all come from rice, even
from different varieties of the plant. Starches presented polygonal and angular format.
Moreover, it was possible to observe, by looking at SEM images, the absence of
impurities (Fig. 2), demonstrating the efficiency of the extraction of rice starch.
Ito et al. [21], when studying the physical-chemical, thermic, crystallographic
and morphologic properties of black rice, concluded, by micrographs of SEM, that those
granules present polyhedral structure with irregular forms, and acute angle and edged.
Souza et al. [22] verified the same structure for white rice starch, as shown below
(Figure 2). This starch is suggested to be used in pharmaceutical and food products
because these may be a suitable way of using this raw material and could help to reduce














Figure 2. Scanning electron microscopy of starch from white (a, b), red (c, d) and black
(e, f) rice.
3.3. Chemical characterization of starch
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Black rice starch presented higher moisture content in comparison with others
(Table 1). However, based on this parameter, all samples are in accordance with
Brazil’s legislation, which allows a maximum of 14% of moisture in this type of
product [23].
Table 1. Chemical characterization of starch from different varieties of rice.
Sample
Constituents (%)
Moisture Ash Lipids Proteins Carbohydrates Amylose
White 4.76±0.59c 0.21±0.01b 0.39±0.03b 3.89±0.09ª 90.75±0.58ª 18.61±0.11c
Red 6.89±0.21b 0.80±0.05ª 0.51±0.05ª 3.73±0.27ª 88.07±0.26b 25.75±0.26a
Black 13.29±0.58ª 0.68±0.01ª 0.28±0.02c 2.60±0.35b 83.15±0.71c 20.02±0.04b
Means followed by the same letter in the columns do not differ statistically by Tukey
test, at 5% of probability.
The ash content did not differ statistically for red and black rice starches, but
showed a difference for white rice starch, which presented less minerals (Table 1).
Along with the starch, white rice grains also presented low amounts of minerals (0.30%)
[24]. However, essential micronutrients, such as iron, zinc and calcium, can be found in
some varieties of rice [25].
Studied starches showed different lipid content depending on the type of rice
(Table 1). It is in agreement with the quantity of this constituent in the raw material, as
the lipid content in rice grains are influenced by the genotypic characteristics of the
plant [24].
Rice is a cereal of low protein content, containing on average 7% of protein in
its composition [24]. Therefore, rice starches have a low content of this nutrient, and
they presented 3.89, 3.73 and 2.60% of proteins for white, red and black rice starch,
respectively (Table 1). Only traces of fiber were found in the starch samples. The low
13
amount of these components indicates the purity of the material studied, as observed in
the images of microstructure. (Fig. 1 and 2).
Carbohydrates represent more than 80% of rice grain composition, even though
it varies according to genetic, environmental and agronomic factors [26]. This is
reflected on the starches obtained in this study, which present carbohydrate content
ranging from 83.15 to 90.75% in black and white rice starch, respectively. Since the
objective was to obtain starch, high carbohydrate values were extremely important in
this study.
Starches presented statistical difference in total caloric value. The difference
between the samples, regarding the content of lipids, proteins and carbohydrates,
resulted in a different total calorific value. White rice starch presented the highest value
(380.42 kcal/100 g) followed by red rice (371.46 kcal/100 g) and black rice with the
lowest value (344.53 kcal/100 g).
3.4. Amylose content
The studied starches presented statistically different amylose content among
them, being of 18.61, 25.75 and 20.02% for white, red and black rice starches,
respectively. Zavareze et al. [15] classified amylose content of rice starches in high
amylose (31.62%), average amylose (23.40%) and low amylose (6.90%). Thus, the
starches analyzed in this work are in the range of average amylose. The results (Table 1)
corroborate with the amylose content of different rice cultivars grown in Nigeria,
ranging from 21.88 to 26.04% of amylose [21] and it is higher than starches from
different rice cultivars, which ranged from 2.77 to 12.09% [27].
By comparing the obtained results with the amylose content found in native corn
starch (25.16%) [28] or native cassava starch (19.41%) [29], which are conventional
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and widely used in industry, we can say that rice starch is similar with regard to
amylose content.
3.5. Phenolic content
The influence of solvents on the extraction of phenolic content from rice starch
samples was confirmed by the solvents used (water, 70% acetone, 50% methanol and
50% ethanol) (Table 2). The best solvent for the extraction of phenolic content from rice
starch is water, which showed the highest results: 288.95, 478.46 and 661.60 mg
GAE/100g for starch of white, red and black rice, respectively. Starch obtained from
different rice varieties had a higher phenolic content than babassu starch, which resulted
in 8.2 and 63.7 mg GAE/100g of sample extracted by alkaline and wet method,
respectively [30].
Table 2. Phenolic content (mg GAE/100g) of starches from different varieties of rice.
Samples
Solvent
Water 70% Acetone 50% Methanol 50% Ethanol
White 288.95±0.53Ac 201.36±0.33Cc 246.05±0.09Bc 147.42±0.42Dc
Red 478.46±0.55Ab 344.63±0.45Ba 336.24±0.18Cb 318.05±0.25Db
Black 661.60±0.37Aa 340.86±0.21Db 461.46±0.19Cª 524.92±0.14Bª
Means followed by the same lower letter (in the columns) and followed by the same
capital letter (in the lines) do not differ statistically by Tukey test, at 5% of probability.
The starch samples presented statistical differences with regard to the phenolic
content (Table 2). This agrees with the literature, since the chemical composition of the
plants is influenced by several factors, such as genotypic factors [31], environmental
factors, management, processing, storage or production location [5].
3.6. Colorimetry
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The three samples studied presented a statistical difference in the evaluated
parameters (Table 3). The highest value of L* was observed for white rice starch,
indicating a greater clarity compared to the others. The red rice starch presented positive
values in the parameters a* and b*, demonstrating a tendency to a reddish coloration.
The values of the parameter a* in the black rice starch were positive and higher than
those obtained in the red starch, however the parameter b* was lower. Thus, results
indicate a purple coloration for black rice starch.
Table 3. Color parameters of starches from different varieties of rice.
Samples
Color parameters
L* a* b* C*
White 98.92 ± 1.41a 0.04 ± 0.02c 4.89 ± 0.27b 11.99 ± 1.28c
Red 82.13 ± 2.04b 6.02 ± 0.17b 8.57 ± 0.09a 54.90 ± 1.68a
Black 63.82 ± 0.59c 9.29 ± 0.04a 0.45 ± 0.04c 43.26 ± 0.42b
Means followed by the same letter in the columns do not differ statistically by Tukey
test, at 5% of probability.
The maintenance of the color from the raw material was also verified in the
babassu starch, which showed a yellowish coloration in all treatments [30]. On the other
hand, Soison et al. [32], when studying the starches of colored varieties of sweet potato,
found that the extracted starches did not maintain the raw material color, and all of them
were white. The authors have attributed the color dispersion to the wash performed
during the starch purification process.
3.7. Pasting properties
During the gelatinization of starch, promoted by heating under excess of water,
the crystalline regions breakdown, this phenomenon characterized by an increase of
viscosity between 3 and 5min of initial heating [33]. In this work, there was no change
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in viscosity in the first 3min , but there was difference in the initial paste temperature:
80.6ºC, 79.1ºC and 88.8ºC for white, red and black rice starch, respectively. It
demonstrated that starch from white and red rice showed similar gelatinization process,
whereas the starch from black rice needed a higher temperature for this phenomenon
(Fig. 3).
According to Franco et al. [34], starches that their amylopectin content presents
high percentages of branched chains need higher temperatures of gelatinization. The
value of the pasting temperature of white rice in the present study was similar a reported
by Gonzáles et al. [35] for the native rice starch (79.1ºC).
Figure 3. Viscoamylographic properties (RVA) of starches from white, red and black
rice.
Wani et al. [36], in their analyzes, verified values from the literature between
63.80 (Indian Rice Starch) and 95.10ºC (commercial rice starch from Thailand) for
paste temperature in starches of different varieties of rice. The determination of this
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parameter is essential for the industrial application of starches, such as in the
development of biodegradable packaging.
Starches showed maximum cold viscosity reading ranging from 51.0cP to
68.5cP for black and white rice, respectively and the final viscosity (maximum values)
values were 3872.0cP, 3082.5cP and 2731.5cP for white, red and black rice starches,
respectively.
In the cooling stage, the starches minimum viscosity of 2937.0, 2103.5 and
1879.0cP and a maximum of 5618.5, 5892.5 and 3655.0cP for the white, red and black
rice starches, respectively.
The starches presented 935.0, 979.0 and 852.5 of breakdown viscosity values
and 2681.5, 3789.0 and 1776.0cP of setback values for the white, red and black rice
starches, respectively. Breakdown values can be used to predict resistance of starch
paste to processing conditions in the industry. Usually, this parameter is related to the
degree of swelling of the starch granules during heating [37].
3.8. Crystalline structure
According to Zobel [38], in a study on X-ray diffraction in starch granules, type
A starches showed strong signals at 2θ equal to 15.3, 17.1, 18.2 and 23.5º, whereas for
type B starches, strong bands appeared at 5.6, 14.4, 17.2, 22.2 and 24.0º, and for those
of type C, the signals were stronger in 2θ equal to 5.6, 15.3, 17.3 and 23.5º. In this study,
the three types of starch studied did not show peaks at angle 2θ equal to 5 degrees,
being all classified as type A starches (Table 4 and Fig. 4).
Table 4. Crystalline characteristics of the three rice starches.
Rice
starch
Peak diffraction angle (deg) Normalized peak area Cristallinity
(%)p1 p2 p3 p4 p5 p1 p2+p3 p4 p5
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White 15.10 17.10 18.30 20.20 23.20 3.53 11.35 4.71 6.14 25.70
Red 15.20 17.30 18.20 20.30 23.00 4.25 11.24 2.05 7.99 25.50
Black 15.20 17.10 18.00 20.20 23.10 6.01 13.53 2.44 4.69 26.70
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Figure 4. X-ray diffraction of starch of white (a), red (b) and black (c) rice.
The different starches have presented peaks at angle 2θ at 20.2º, 20.3º and 20.2º
for starch from white, red and black rice, respectively. Those peaks are mainly found in
starches from cereals, with is attributed to V-amylose-phospholipid complexes [39].
The black rice starch (Fig. 4c) presented the highest crystallinity and a spectrum
when compared with white and red rice starches (Fig. 4a and 4b, respectively).
According to Singh et al. [40], the differences in starch crystallinity could be related to
differences in amylose and amylopectin ratio. In the present study, the highest ratio
between amylose and amylopectin, as well as the highest crystallinity, is observed for
the red and black rice starch. Additionally the presence of compounds, other than
polysaccharides, could also be affecting the crystallinity degree of the starch, by
hindering the regular spatial arrangement of the macromolecules. As indicated before,
joint to slightly higher amylose content, the black rice starch contains much more
phenolic compounds than the white rice starch (and more than the red one).
3.9. Thermal stability
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The heating curves obtained by DSC for the three studied starches, displaying
the endothermal transition related to the starch water loss (Fig. 5).
Values of the peak temperature (Tpeak) were found to be 117.8ºC, 119.6ºC and
111.6ºC for white, red and black rice starch respectively, and the total heat absorbed
during the first heating (Hend), related to the starch water loss, was found to be
302.6J/g, 288.5J/g and 328.8J/g for white, red and black rice starch respectively. No
thermal transitions were observed during the cooling and the second heating of the
starch samples. For comparison proposals, the thermal analyzes was also carried out on
a commercial rice starch, that displayed Tpeak = 98.4ºC and Hend = 335.8J/g. As can be
observed, the starches of the three pigmented varieties of rice were found to be more
stable in terms of the endothermal transition, which resulted less intense and displaced
to higher temperatures. Among the pigmented varieties, the black rice starch displayed
the endothermal transition located at the lowest temperature with the highest value of
Hend, being related with its highest water content.
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Figure 5. DSC heating curves of the three studied starches and that of the reference.
As can be seen in Fig. 6a, the thermogravimetric analyzes (TGA) revealed two
stages of weight lost in all the starches. Firstly, the water lost step extended up to 120ºC
approximately for all starches, with commercial and black rice starches displaying
slightly higher water loss than white and red ones (first inset in Fig. 6a). The second
weight loss step accounts for the thermal decomposition of the polymer, with lower
weight loss for the three pigmented starches with respect to the commercial one (see
detail in the second inset in Fig. 6a). As can be seen in Fig. 6b, the derivative DTG
curves demonstrate that the thermal breakdown of the rice starches is produced in a
single step. In addition, the pigmented varieties displayed lower stability than the
commercial rice starch, since this variety presents its DTG curve moved to higher
temperatures. Among the pigmented varieties, the black rice starch showed a slightly




Figure 6. TGA curves (a), and derivative curve of the thermal decomposition (b) of
three studied starches and that of the reference.
3.10. Syneresis by repeated freeze-thawings
The syneresis (%) of rice starch gels during freeze-thaw cycles are shown in Fig.
6. Under the experimental conditions, red rice starch gel lost higher percentage of water,
when compared to the others. Also, it was observed an increase water loss with the
increase of freeze-thaw cycles. After five freeze-thaw cycles, red rice starch gel
presented 66.46% of synerisis, while black and white rice starch gels presented 51.39%
and 31.18%, respectively. The syneresis of these starches is associated to the amylose
content of each sample, also with the retrogradation tendency observed by
viscoamilografic properties. Gels of the studied starches have presented lower syneresis
than waxy maize (7.81%) and sweet potato (16.74%) starches at the 5th cycle of freeze-
thaw [19]. Its difference based on amylose content can be seen in other studies, as
described by Ashwar [41]. Considering rice starch gels with amylose content from 8.56
to 17.85%, he ones with high amylose content showed similar results to the present
study, in particular white rice starch gel in the 3th (14.66%) and 5th (27.09%) freeze-
thaw cycles.
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Figure 7. Syneresis of starch gels from white, red and black rice during freeze-thaw
cycles.
4. CONCLUSION
Rice is a raw material suitable for the extraction of starch due to its high
extraction yield. Even with the differences between rice varieties, the starches present
granules of polygonal and angular formats, as visualized by optical microscopy and
SEM.
Starches composition presented statistical differences for some components,
according to the rice variety; however, the major components were the carbohydrates,
which are represented mainly by the starch.
The starches presented a high phenolic content, even after the extraction and
drying process, and this content was different according to the solvents used, among
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which water showed a better performance. Starch from red rice presented the highest
amylose content (25.75%), retrogradation tendency and syneresis observed in freeze-
thaw cycles.
Starches from white and red rice being all classified as type A starches. In
addition, starch from black rice have presented the highest crystallinity area (26.7%),
among the others, also this starch needs higher temperature of gelatinization (88.8ºC)
than white and red rice starches. Besides that, the black rice starch also showed a
slightly higher thermal stability than the white and red starches.
The studied starches can serve as viable functional food ingredients, and they are
suitable to be used for industries, mainly at food industry, where they can be applied for
the development of food products or edible films and coatings. In addition, starches
from pigmented varieties of rice may be better choices as sources of phenolic
compounds than from white rice.
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